Study population
This study is part of the Menopause et Os (MENOS) cohort study which was conducted in the Menopause Center of the Toulouse " "
University Hospital ( ). The primary objective of that study was to determine whether bone mass measurement at menopause together 8 with other various clinical characteristics could be a predictor of different postmenopausal diseases such as osteoporotic fractures, cardiovascular diseases and gynaecological cancers i.e. breast, uterus and ovarian cancers. The program was initiated in all women aged more than 45 years who were consecutively referred to the Menopause Center during the years 1988 to 1991 for a systematic menopause " check-up . This study was approved by the Ethical Committee (CPP) of the Toulouse University Hospital and all women gave written " informed consent. At baseline, all women were evaluated through the same procedure of the menopause unit, which included personal interview and medical examination, fasting blood sample drawing (for hormonal and biochemical measurements) and bone densitometry measurements. Women were considered postmenopausal if they had not menstruated within the last 12 months before the examination, associated with serum FSH levels above 30 IU/l and serum E2 levels below 20 pg/ml.
Between 2002 2004, all women were invited back again for a medical visit (follow-up visit) and further bone mass measurements.
Of the 4,024 women who were initially included, 2,651 (65.9 ) attended the follow-up visit. Of the 1,373 non-respondents, 109 had died, % 424 refused to participate in the follow-up visit and 840 were lost to follow-up.
Methods

Clinical risk factors data collection
At baseline, all women answered a computer-assisted standardized questionnaire that has been extensively described elsewhere (9 -11 ), recorded by the same trained research nurse. The following clinical and historical data were extracted for each subject: age, weight, height, body mass index (kg/m ), reproductive history (age of menarche, prior use of oral contraceptive (OC) pills, number of live births, 2 age and type of menopause, hysterectomy, bilateral oophorectomy, postmenopausal hormone therapy (PHT) use), self-reported personal history of low-trauma fractures (i.e., those occurring after a fall from standing height or less) after age 45 as well as a history of hip or vertebral fracture either in the mother or in the father. History of medical conditions and use of medications known to interfere with bone mass (including steroids, sodium fluoride, calcitonin, bisphosphonates) as well as L-thyroxine (L-T4) treatment were recorded. Women with past/current osteoporosis treatment > 3 months (with the exception of PHT and calcium/vitamin D supplementation) at baseline (n= 455) were excluded from the analyses, which left us with 2,196 women.
The smoking and drinking status was also determined. Each woman was asked whether she smoked or had ever smoked and the number of glasses of wine or alcohol she used to consume per day or week. Dietary calcium intake was assessed by using Fardellone s ' questionnaire ( ). The woman s overall level of physical activity (low, moderate, high) was determined by asking whether she practiced 12 ' a sport or leisure physical activity regularly (at least once a week), what type of professional activity she had and how much time she spent in home-based physical activity. Each woman then underwent a medical examination where all recorded data were reviewed and completed when necessary.
At the follow-up visit, anthropometric measurements were taken and all women answered the MENOS epidemiological standardized questionnaire. For the current analysis, information on prior and current PHT use, total duration of PHT use, years since menopause, history and age of hysterectomy and/or oophorectomy were used to determine the age at menopause (for those who were not menopausal at baseline) as well as PHT use throughout the course of the study.
Fracture ascertainment
At the follow-up visit, women were asked whether they had suffered a fracture after baseline (incident fracture) and the type, mechanism and circumstances of the fracture were recorded. We only considered incident fractures that occurred with minimal or no trauma (fall from standing height or less) at the level of the spine, hip, distal forearm and proximal humerus. Fractures of fingers, toes or skull and face were excluded. All incident fractures were confirmed by radiographs or by medical/surgical reports. Systematic radiographs of the spine were not performed and we considered only symptomatic (clinical) spine fractures.
Bone mineral density measurements
Bone mineral density (BMD, g/cm ) of the lumbar spine (L2 L4) was determined in all women using dual energy X-ray 2 -absorptiometry (DXA) (DPX-IQ, Lunar GE, Madison, WI, USA) following conventional procedures as previously described ( ). Due to 13 changes in the bone mass measurements protocol that occurred in the Menopause Center during the baseline examination period, femoral neck BMD was also measured in those 1,399 women who were included in the study from 1989 onwards. Therefore, in our sample, 797 women had only vertebral BMD measurements whereas 1,399 women had both vertebral and femoral neck BMD measurements at baseline. T-scores (SD from young normals) for each measurement site were calculated based on the comparison of measured BMD values with our own normative database at age 25 35 ( 110, mean spine BMD 1.18 g/cm 0.12 g/cm ; mean FN BMD 0.990 g/cm
0.11 g/cm ; personal data). 
Statistical analyses
The first major osteoporotic fracture (wrist, clinical spine, upper arm and hip) during the follow-up period was taken as the endpoint event. We used Student t tests and chi-square tests to compare baseline characteristics of women with and without incident fracture.
Variables significantly associated with fracture (p 0.10) were retained for the multivariate analysis. We used Cox proportional hazards ≤ models to model age to first fracture. Selection of the most predictive factors took place in two steps. First, we examined each variable separately and selected those that were significantly associated with the risk of fracture (p 0.10) after adjustment for time since ≤ menopause that was introduced into the model as a time dependent variable (time set to zero for women before menopause). We then performed manual backward stepwise Cox regression (p 0.05; Wald test) to determine the best set of independent predictors of fracture.
≤
Use of postmenopausal hormone therapy (PHT) (never; past; current use) was introduced into the model as a time dependent variables since we had information on the age at which women started PHT and on the number of months they used it during follow up. We report hazard ratios as relative risks with 95 confidence intervals.
%
We conducted separate analyses for women who had a spine BMD measurement and for those who had a hip BMD in complement of spine BMD measurement. Hence, we present 2 separate models: one with spine BMD and the other one with hip BMD.
In the second part of the analysis, we assessed and compared the discriminatory value for fracture of FRAX and BMD in the subgroup of women who had a hip BMD measurement. We used the algorithm available at to calculate individual FRAX www.shef.ac.uk/FRAX values based on each woman s hip BMD measurement value and clinical characteristics at baseline. Although PHT may be prescribed for ' many different reasons, it is well established that its use decreases bone loss and results in a significant protection against fractures (xxx refxx). Since FRAX is not intended to be used in subjects receiving pharmacologic treatment for osteoporosis, we excluded from this analysis women who were current users of PHT at baseline, which left a sample of 956 women (and 76 fractures). We also assessed whether adding new CRFs to FRAX or constructing a risk score based on the best prediction model in our population would improve the ability to identify women at high risk of fracture. We used Cox models with time to fracture as the endpoint and baseline characteristics (FRAX or hip BMD, plus CRFs) as independent variables to calculate individual score values (parametric part of the risk function) and rank women by their predicted risk of fracture. We assessed the overall discriminative value of the different risk scores considered by calculating the areas under the ROC curve (AUC). We also assessed the sensitivity (proportion of women with fracture who had been classified as high risk) and specificity (proportion for women without fracture who had not been classified as high risk) of each risk score for various definitions of the high-risk group based on percentiles of the score distribution in the study population.
All statistical analyses were conducted using SAS 9.1 and STATA v9.
Results
During the mean follow-up period of 13.4 ( 1.4) years, 415 women sustained a first low-energy fracture including 145 (6.6 ) major ± % OP fractures (108 wrist, 44 spine, 20 proximal humerus, 13 hip). Baseline characteristics of women with and without incident major OP fracture are given in and . Women with fracture were significantly older and had lower BMD values. They were more likely to table 1 2 have a history of fracture after the age of 45, a family history of hip fracture, a lower number of pregnancies and a higher age at puberty. However, they were less likely to have ever used OC and to be using PHT at baseline.
In Cox regression models adjusting for time since menopause, individual variables that remained significantly associated with the risk of fracture were: spine BMD, PHT use throughout follow-up, a personal history of fracture and the number of pregnancies. In stepwise Cox regression, all these variables were retained into the model; hence, they represent the best set of fracture predictors. The hazard ratios and corresponding 95 confidence intervals associated with each of these variables are presented in . %   table 3 We conducted a separate analysis on the subset of women who had also a hip BMD measurement at baseline, and ended up with the same selection of predictors. Hazard ratio estimates in the model with hip BMD are approximately of the same magnitude than those in the model with spine BMD ( ). The second part of the analysis focused on the 956 women who had a hip BMD measurement and were table 3 not current PHT users at baseline. Their mean FRAX value (average probability of having a major OP fracture over the next 10 years) was 3.8 ( 2.4). Based on FRAX, the total number of major OP fractures expected during the first 10 years of follow-up (sum of the % ± individual FRAX probabilities) was 36, whereas the observed number of fractures during the same period was 42.
We then compared the sensitivity for fracture of FRAX and hip BMD for various definitions of the high risk group based on percentile of their distribution in the study population ( ). If the cut-off for high risk is set, for instance, at 30 (i.e., the 30 of women with  table 4 for FRAX and hip BMD.
The first part of the analysis revealed that parity was a significant predictor of fracture, independent of age, BMD and history of fracture. This factor is not taken into account in FRAX calculation. Hence, we examined whether adding parity to the predictive model including FRAX would significantly improve the ability to identify women at high risk of fracture. The AUC of the new score FRAX Finally, we examined the discriminative value of a simple risk score including the four factors -age, hip BMD, history of fracture, and parity -that best predicted fracture in our study population. The AUC of this model-based risk score is equal to 0.69 (0.63 0.72), which is -statistically significantly better than the AUC of FRAX (p 0.01), but not significantly better than the AUC of hip BMD alone (p 0.16).
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The ROC curves of the 4 risk assessment tools considered in this analysis are shown in . figure 1 In the study population, a significant number of women (357 out of 956) started PHT during follow-up (on average, 3.1 years after baseline). Fracture risk may be overestimated in these women, which might affect the overall predictive value of the screening tools.
Hence, we re-run the analysis after exclusion of women who started PHT after baseline. We found the same set of predictors than in the overall population and the AUC of the different screening tools were of the same magnitude than before (0.64 for FRAX, 0.69 for hip BMD, 0.63 for the score FRAX plus parity , and 0.63 for the model-based risk score). Noteworthy, there were no significant difference in ' ' mean hip BMD and percentage of osteoporotic (T < 2.5) women between the subgroup of women who started PHT during follow-up and − those who did not.
Discussion
This prospective study involving 2,196 early postmenopausal women (mean age at baseline: 54 4 years) revealed that there were ± only a few clinical risk factors for major osteoporotic (OP) fractures independent of BMD and age. Moreover, the FRAX risk assessment tool did not have a better discriminative value for fracture than BMD alone. Adding new CRFs to FRAX or using a combination of CRFs and BMD based on the best predictive model in our population did not significantly improve fracture prediction compared to BMD alone.
Out of the 38 potential CRFs examined, only 3 -a history of fracture, current use of PHT, and parity -were significant and independent predictors of fracture after age and BMD level are taken into account. Using BMD measured either at the spine or the hip to generate two different multivariate models did not modify the set of predictors, nor their gradient of risk.
As already reported ( ) and not surprisingly, our study confirms that a history of a fragility fracture is a powerful predictor of 14 -16 future fracture independent of BMD. The multivariable-and BMD-adjusted risk of a major OP fracture was 2.3 fold to 2.5 fold higher in women who had reported a prior low trauma fracture after the age of 45 years compared to women without a prior fracture history. In agreement with previous studies ( ), we also found that use of postmenopausal hormone therapy (PHT) resulted in a significant 17 protection against fractures: current PHT users had a 50 to 60 reduced risk of major OP fractures compared with never users.
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These results are consistent with those reported in Huppio s study ( ), which to our knowledge is one of the few that concerned a ' 18 large population of 3,000 perimenopausal women who had been followed over 3.6 years and whose mean age at baseline (53 yrs) was very similar to that in our study. In this cohort, only 2 majors CRFs were identified in addition to low BMD that is previous fracture history and no use of PHT.
In the present study, we found an additional significant and independent predictor of fracture, that is parity: compared to nulliparous women, women with 3 children or more had a 48 to 56 decreased risk of major fragility fracture independent of BMD and other % % clinical risk factors. Interestingly there was a monotonal relationship between increasing parity and the risk of fracture, as the probability of fracture decreased with increasing number of children. Such relationship has already been reported in most (but not all) prior studies that examined the association between parity and fracture risk ( ).
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Several CRFs included in FRAX (in particular, familial history of fracture, current use of systemic glucocorticoids, low BMI, current smoking, high intake of alcohol and rheumatoid arthritis) were not significantly associated with the risk of fracture in our population. This may be interpreted as a true lack of predictive power in peri-and early post-menopausal women. Alternatively, the lack of association between some factors and fracture risk may be due to a lack of statistical power. This may be the case, in particular, for a family history of fracture that showed a non-significant trend towards an increased risk of fracture in exposed women. Indeed, we have calculated that, with a frequency of exposure of 10 (238 women out of 2196 reported having a family history of fracture), and an incidence of fracture of 5 % per 1000 person-years in unexposed women (as observed in our population), the statistical power was only about 20 to show a RR of 1.3 % (RR estimate for family history in Kanis meta-analysis ( )). Lack of power is also evident for CRFs such as exposure to systemic ' 
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glucocortico ds, high intake of alcohol and rheumatoid arthritis, whose prevalence is very low in our sample. For instance, only 29 (1.3 ) ï %
women were using glucocorticoid in our population of young and relatively healthy postmenopausal women.
years younger (53 vs 63 years in the FRAX cohorts). The mix of fracture is different in early postmenopausal women where wrist fractures are the most frequent than in elderly women where hip fractures become predominant. Hence, it seems logical to think that the nature or strength of risk factors for fracture may vary according to the women age and/or the type of fracture. Noteworthy, in the meta-analyses ' using data from the FRAX cohorts, all CRFs except a personal history of fracture were more strongly associated with the risk of hip fracture than with the risk of other OP fractures ( ). In accordance with this finding, Kanis et al found that the CRFs were most useful in 5 enhancing the performance of BMD in the prediction of hip fracture ( ). At the age of 50 years, the gradient of risk with BMD alone was 5 3.7/SD, but with the addition of CRFs increased to 4.2/SD. For other major OP fractures, the gradient of risk with BMD alone was lower and adding CRFs only modestly improved it. At the age of 50 years, it was 1.2/SD with hip BMD alone, whereas it was 1.4/SD with the combination of BMD and CRFs, which translates in an AUC around 0.6, that is very similar to what we found. The use of FRAX in our study population did not significantly improve the sensitivity of BMD assessment, which remained low under most reasonable assumptions that avoid unnecessary treatment. If the cut-off for high risk is set at 30 , for instance, the sensitivity is equal to 49 and 55 % %
, respectively for FRAX and hip BMD. To identify the majority (i.e., around 80 ) of the women who will suffer a fracture, the cut-off % % has to be raised to 60 (i.e., 60 of the population has to be classified as being at high risk). Noteworthy, other investigators reported the % % lack of sensitivity of FRAX in elderly women ( ) and in some male populations ( ). 23 -25 26
We found that parity, which is not included in the FRAX algorithm, was a significant predictor of the risk of major OP fracture, independent of BMD and of the other CRFs. This risk factor may be more specific of early post-menopausal women than of older women.
Hence, we assessed whether adding parity to FRAX would improve the ability to identify young postmenopausal women at high risk of fracture. We found that the new score combining parity and FRAX did not significantly improve the sensitivity of FRAX, and did not have a better discriminant value than hip BMD alone. Even a score based on the best predictive equation in our population (best fit of our data)
was not significantly more discriminant than hip BMD alone.
Our study has several strengths and limitations. An extensive amount of data were collected for each woman at the baseline and follow-up visits, including the use of osteoporosis medications and PHT throughout the follow-up, which allowed to examine a large set of potential CRFs for fracture. All incident fractures were confirmed through either medical records or X-ray radiographs and we have been very careful to record the circumstances of each fracture through medical personal interview. A large number of participants (almost 60 ) % used PHT at some point of the study and about 36 were still current users by the end of the follow-up. Such a high frequency of PHT % was very common in the French population before the publication of the WHI results, whatever the underlying reasons, mainly to resume climacteric symptoms but also to prevent osteoporosis. However, we have rerun the analysis after exclusion of women who took PHT at some point over the course of the study. We found the same set of CRFs for fracture, and the discriminative value of FRAX and of hip BMD remained unchanged. Women included in the MENOS cohort were all referred to our center by their personal physician for a " menopause check-up . Reasons for referral are not known but may include a higher risk of osteoporosis. Accordingly, the prevalence of a " T-score < 2.5 was slightly higher than expected for this age range which could suggest a selection bias and could thus not permit to − generalize our results to the general population. Nevertheless, they may broadly apply to women likely to seek medical care and advice at the time of menopause or in the few years after.
In conclusion, only a limited number of CRFs were found associated with the risk of major OP fracture in this population of early postmenopausal women. Combining CRFs and BMD did not significantly improve prediction of fracture over BMD alone, and sensitivity remained low under most reasonable assumptions that avoid unnecessary treatment.
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